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. ..I want to take a rather different topic from Dr. Beadle. My subject is 
molecular biology and medical rcscarch. I am going to widen it slightly and 
tnlk‘nbout molecular biology, cell biology, and medical research. My knowl- 
cdgc of thcsc three topics is very different. I have worked for many years on 
molcculnr biology. Recently I have been trying to learn something about ccl1 
biology, but about medical research I know very little. 

-My theme is that fundamental work in biology is going to have an in- 
creasing impact on medical practice. I am sure you are all fairly familiar 
with this idea, but I want to dcvclop it with a rcnsonablc amount of sci- 
entific content. In a certain way WC can see that this is acknowledged already 
by consirlcring the four spcnkcrs who arc going to address you today, not one-, 
of whom is medically qualified. I am in origin a physicist. Dr. Pnuling ig a 
chemist and the other two speakers arc biologists. I do not think that this 
choice of speakers is an accident but rather that it rcflccts the thcmc I want 
to bring out. 

Let mc first say what I mean by molecular, biology. This is, of course, a 
portmantcnu word, including a lot of biochemistry, genetics, physical chcm- 
istry, and related subjects. At the present time the word is used in two rather 
different ways. In the first u~agc it has a rather gcncrnl meaning and covers 
311 thr ways in \vljical1 you c:in t.llink :lbout n biological problem in molecular 
terms. The sccontl mc:ming is rather more limited and covers in particular 
that part of the subject which has aclvnncccl rather rapidly. I3iologically it . 
dcnls with gcncs and gcnc products. Chemically it means nucleic acids and 
proteins and tlicir synthesis. I shall use the latter of these two meanings. One 
of the characteristics of this sort of molcculnr biology is that the people 
lyorking in it wcrc studying pr0pcrtic.s common to (111 biological systems. They 
did not mind particularly, thcrcforc, which prganism they worked on pro- 
vided it 1va.3 convcnicnt, and ~~0~1~1 often choose microorganisms, as was 

‘done by Dr. I3cadlc in his classical work. 
The gcncrnl itlcas must bc very well known to all of you. The most basic 

idea is that I)iologicnl informntion is mainly enrricd 1)x the soqu~ncc of side _ 
groups on the rc~gular lxlck-bone of a macromolcculc. Gcnctically it is carried 
by nucleic acid, but n~:tny such scr~ucnc~s can bc t,r:lnslatcd into the amino 
acid sequences of proteins by special and rather cl&orate pieces of hio- 
chemical mnchincry. Another important idea is that the complicat.cd thrce- 
dimensional structure of a protein is formed by folding up its rather simple 

linear c!lcniical st.ructurc to give a’ rriolcculc with a definite shnpc and in 
many casts a highly specific catalytic activity. I think cvcryonc would ngrec 
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.-‘that rather rapid fundamental progress has been made in these topics in the 
last fifteen or- twenty years. This has been underlined very recently by the 
announcement of the award of a Nobel Prize for medicine and physiology to 
Nircnbcrg, Khorana, and Holley for their work in this very field; that is, 
on the genetic code and on the structure of transfer RNA. 

I think it is useful to ask why classical molecular biology has advanced so 
rapidly. I bclicvc thcrc arc three main reasons. The first reason is that WC 
were very fortunate in having a well-defined theoretical framework from 
which we could predict, to some extent, what was likely to be discovered. 
Of course, the detail character could not always be foreseen, but one had a 
general idea of the outline to be expected. Thistheoretical framework was 
provided in the middle fifties. The main reason this was possible is the nature 
of nucleic acid molecules, the functions of which are rather limited. This 
helps in constructing theories, because the easiest way to make a theory is to 
impose a restriction of some sort, and it was such a restriction which hclpcd to 
give us the theoretical framework. One quite serious mistake was made. The 
ribosomal RNA was mistaken for the messenger RNA but fortunntcly this 
error was discovcrcd fairly quickly. 

My second reason is, I think, really the most important one: during this 
period there wcrc avnilablc very powerful cspcrimcntal tools for tackling 
these problems. I will mention a few of them, although they arc all very 
familiar to you. For csamplc: chromatography, both paper chromatography 
and columu clirornntogr:~pliy ; the ultrnccntrifugc-not only the classical 
mcthotl dcvclopctl l)y Svcdberg but also the_ more modern usages, such as 
sucrose gradients ant1 cacsium cliloridc density ccntrifugntion. These are 
tcchniqucs which one can use cvcry day and can be applied to a wide variety 
of problems. Then again the clcctron microscope has proved a very pomcrful 
tool, although it is not the instrument of choice for getting down to atomjc 
tlctails. It is really best at the lcvcl of size immediately above the atomic 
lcvcl. One can think, for cxamplc, of the demonstration of circular DNA and a 
lot of modern work on the structure of viruses. For the atomic level jtself 
the method of s-ray difIrnction, npplicd to crystals of macromolecules, has 
turned out to bc very powerful, especially when combined with very fast 
computers and automatic data collecting. 

My third reason is of a totally different type: it miglit bc clcscribcd as tbc 
romantic appeal of the subject. I think it is true that molecular !)iology, 
operating at the border-line between the living and the non-living, and dealing 
with this difference in a very fundamental way, has attracted into it many 
pcoplc for just this reason. Quite a number of them were influenced by a 
little book by the physicist, Schroedinger, called “What is Life?” 1 certainly 
WAS, and I know that both Watson and Bcnzcr also read it. Tlicre arc, of 
course, many reasons why people-go into a particular field of work and study 
a particular rcscarch problem. It may be because their professor has sug- 
gcstcd it to them, or bccausc it is fashionable (that is’ to say, the subject is 
moving rapidly and the techniques are easily available) but this ‘particular 
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reason- the rowmtic appwl of the sul)jcct--should not IN owrlookcd. To 
give an example froin qtiitc :I tliffcrcnt, branch of scicrxc’, I think it is often 
t,hc reason why pcoplc go intu~such fields as flstrbnomy and cosmology. 

The next qucstioti. WC h~vc to nsk is: 13:~s classical molecular biology al- 
y ready had important medicnl applications? I think the short answer to this 

is no. So far direct applications hnvc lxxn r,ztlwr. few. Thaw 11~s Iwcln notl~ing 
as spcct:lcd:~r or ns uwful ns, say, penicillin. Nobody wor~l~l tlwly that 
Illolcculnr biology hiIS riot nlrcndy hc21 helpful in cwt:iin littcw of mc~(lic*:tl ro- 
starch. For ~1xatnplc, the prcpration of nntibodics to :i vi& is ccrt:iinly 
cnsjcr if one underst~ntls the diffcrcnt functions of the protc+i vomponcW 
and the nucleic acid component. Then ngnin, th amino. :xid scqucnccs of 
atltjbo(]j(bs is giving us some insight into the sort of wags in which tllcb I)O(ly 
p:m pr~(luc~c tllo ill,rllcws;c \3ricty of :lntihodics whivli it nwtls. Tlic idws of 
molcculfir l)io]ogy h:ivc also Iwcn usrful in casting -~(loul)t on wrt:liri ttworiv~ 
\vhicli one could PCC woul~l 1~ unfruitful. For ~w~mj~l~~, 13urlwtt’s wrly tlwor!: 
of nntil~otly formation \*iolatcrl :III irlc.2 r:lllctl tllc Ccntrxl lJOgIn:l”, \Vllic:h 
S:LYS that one c::tnnot tr:msl:tto I~:tckwnrcls iii cldnil from n I)rotc+n wcptc9cr~ to 
tltc corrcspon(ling nucl(bic* :lc*itl wqucncr. This clcwc~cl tlttr way for his 1:ltcr 
tnuch more intc*w5till g tlworj~ which is tlic dominant ‘ono tocl:ly. That rcwnt 
tvork on \rir:il tr,:ln~fol.111:ltioIi (tllo tl.nnsfol,ln:ltiol1 of :I ccl1 when infcctctl 
\vith :I cmwr viru5j NNII~ h:irtlly JI:LYC rc:whcd the sophistication it has with- 
out tlw I<Ilon+~~lgc~ :td I~wtltotl~ of niolccular t)iology. 310.4 lwoplc would 
ngrw that tllis is on( of tlicb most ;ictiVc* :in(l ljromising fic~lcis it) caner w- 
sf~:1r(*l1 at, tli(t ~)rf~(~t~t fillip. 

‘1’hCI~C~ :11x it f(an* c~s:trnl)lw IVilic*h Il:lr*c* :t more itnrti(*(li;it(* tti(~(lic*:ll :tjjpli(*:i- 
tion. It h:ls Iwc~II mnrll c;\hr to ilCP(‘])t tlic rxistcncc of drug-resistant (*pi- 
soinw (which carry drug rcsid;incc from one hactcrin to another) lxcnusc 
of tlic fun(l:mic*ntxl knomleclgc* of silnilxr phcnomen:l :icquirccl hy moIccular 
I)iologist.s. 

;\;c~~c~I~tllc~lrr.~. Jvl101) \vo look :tt tllcb tlliIlg:s 011~ Ir,iglit, }iolw to II;II*(~ :l(*IIir\~trtl 
using sonw Of tllis Iwk I<llO\~l~~~l~:c~, ?;Urll ;W, for 05:1111~~10, :i ctII’(’ foI* (‘:\I)- 
wr, or for \pnrious licaart rli5ortlvrs, w must atltnit that so fxr tlwr(~ II:H Iwct~ 
little in the way of tlrnmntic mc~clic:~l :Lpplic:ktions. I think it is hport:wt to 
rwlizc this. Awl SO 011~ his to go on to the nest quwtion: why is ~nol~~cul:i~ 
I)iology inll)ort:lllt to nlcdicinc? I think it, is important for two rwson~. In 
tllc first pI:IW, it pro\~i(lcs iL !*CI*y solid fr:imc~worle Of funtl:~mc~nt:tl filch3 and 
iclc:is at the rnolecul:~r lovcl for the whole of hiology. The most useful com- 
p:iri.~on to m:lkc Iic~rc is with the early development of chemistry. For ox- 
ntnplc, the un~lcl.st:lliclillg of the t~ctrnvnlcncy of <::brhon and the clircction of 
t,lic four vdcnciw in qxwc’, :md similar ideas. They did not immctli:~tcly 
j~rotlur-(1 an rnor1iwu.c: ilnp:ict on society, but as time went on, as wc can .scc 
frotn all the m:uiif~ld apl)licntions of chemistry ill tlic mo~~wn j~orj([, tlli~ 
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.-@owledge began to be increasingly exploited and, in fact, somewhat ta&n 
for granted, so that we sometimes forget that it is a necessary basis for 
modern industrial chemistry. 

The second reason I have already mentioned. It is the provision of very 
powerful cxpcrimental tcchniqucs. I would emphasize that these techniques 
are not something static. The nature of the subject is such that they are 
continually being added to and what is cvcn more remarkable the techniques 
arc getting faster all tlic time. 

We had a dramatic instance of this in our laboratory this summer. AS YOU 
. 

know, Dr. Halley got his recent prize for the first determination of the 
scqucncc of’s traiisfcf RNA. This involved two’steps: the fractionation of the 
RNA (which can tnkc a considerable time) and then the actual detcrmina- 
tion of the sequence. Roth these steps proved very difficult and tb? skill and 
pcrsistcncc of Dr. Holley and his team has been rightly .recognizcd by the 
award of a Nohel Prize. . . -,.a . 

This summer a young visitor to our laboratory, Moshc Yaniv, working 
with Mr. 13. Rarrell, determined the sequence of the valinc tRNA from B. coli 
in a period of three months, though admittedly the material had previously 
been fractionated for him. 

An even more striking example has been the determination, to 3.5 A, of 
the three-din~cnsion:11 structure of the protein elnstnsc in our lnhoratory by n 
rcscarrh student, hIr. D. M. Shotton, working under t,hc supervision of Dr. 
II. C. \\:atson, after only one man-yrar of work. Shotton, who is in origin 
a protein chcniist, Iiopc5 that fit may fi:r\~o f)ot !i tlic primary scqu~~nco alit1 t ho 
tcrtinry structure finishocl for his thesis. . 

\Vc fiavo :i saying in our l:~l~or:itory that tiic dificulty of a projret gors 
from “Nobel Prize” to “M.Sc.” in about 6 to 10 years! This shows you the 
l*cry rapi(l acc:clcr:rtion of tccfiniqucs wllich is coming about. 

IIaving tliscussctl the nature of molecul:tr l)iology and sotnc of the re;~sons 
for it s succc’ss, wc must now turn to consi(lcr its fut,urc. This is always :t 
haznrclou~ operation, hut I think WC can safely mnkc a few gcncr:tl prc~lie- 
tions. In the first place, WC arc likely to see a fairly massive conso]i(]ation 
operation. Although \ve know the answers to many pro\)lcrns of mo](~(*rr]:lr 
biology in outline, WC do not yet know them in detail. For example, we (10 
not kII0w in tlctail, even at this stage, liow DXA rcplje;\tcs. Filling 111 of all 
this hiochcrnistry will take a hrgc amount of work and will jnvol\vr: a large 
nun~lwr of people. JVc can already see this process going on. 

In :rtltlition, wc can expect an invasion from what used to bc called the 
more csact scicnccs, such as physical chemistry. Already many physical 
chemists ;lrc (ntcring the field and it is likely that many more wjll do .so, not 
only SO that WC can study structure faster and better, but also to explore 
rhcmic*al mechanisms. . 

\Vc arc also likely to see the fairly rapid extension of work to adjacent 
arc:~s of molcoulnr biology. In many of these research has been going on for 
some time, but we may now expect to see a greatly incrcnscd effort. One such 
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field, for examplk; is the &ucture and function of membranes. This is not 
only important because mcmbrancs occur almost universally in biology, but 
also because of the very many different processes which arc associated with 
membranes. To give one example, they are of great intcrcst for anyone study- 
ing t,he nervous system. 
‘5 There arc; of course, a number of areas which arc already being intensively 
studied. One could mention osidntive phosphorylation and the structure of 

mitochondrin as nn example of :t fidlcl which is already fairly ~~11 l>Opulntd. 

The same might be said of a number of topics %hich arc re%vant to only 
part of the biological kingdom: such fields as photosynthesis on the one hand 
and muscle on the other. IIcrc again there has been a fairly considerable 
effort over the past decade, although there arc m&y meclinnisms which are. 
still not understood in atomic detail. One woulYd hardly be surprised if rc- 
search on aniin:lls usually turned out to bc more relevant to medical problems 
than research 011 plants. 

However, jt is not these particular problems that I ivant to draw your at- 
tention to today. I think what is of more interest is the fact that the tcch- 
niqucs and ideas of inolcculnr biology arc going to be incrcnsingly npplicd to 
cell bioIogy. The tlistinction between cell biology and, molecular biology is 
somc>vhat arbitrary but I Ilope it will be clarified by some of the examples 
I am going to giJ,e you. So we must now turn to ccl1 biology and see how that. 
stands today. 

Cell biology 113~ :t long and tlistingui~fwd history. Intcrcsting things have 
Iwcn discowrccl at. n f:iirly steady rntc over r:~tlicr n long period, but I 
\vo11ltl prcfw to look :1 t tllc subjcct’in :b cliffwent way, and inquire what frnc- 
tion of what wc would like to know 11x3 nlrcndy been di.&ovcrcd. If we ask 
ourselves this qucstjon, I think it js clear that cell biology still has a long way ’ 
to go, anal consequently is a field in whjch strikingly important discovcrjcs arc 
likely to be made. 

Let me gjw a few csamplcs from recent work. Much of what I am going 
to mention has been done on small mammals, With one or two exceptions 
they have not yet hen done on man, but as WC know, it is often not a vcly 
big step from mammal to man. I think many people have been surprjsed by 
the recent work, pioneered by Ephrussi and by Harris on the fusion of cells, 
even cells from diffcrcnt animals. Cells can 1)~ fused together so they will 
survive at least in tissue rulturc, thouglr nattirally it has not been possible to 
produce hybrid anini:~ls in this way ! The properties of these fused cells are of 
very great theorotic:~l interest. At the next level of organization we shoultl 
rcmcmbcr the fusion of early embryos, done by Beatrice Mjntz. This proc- 
CSS, which has been rcpcated many times, does indeed produce “hybrid” mice, 

which in many casts, arc perfectly capable of having offspring. I?or ex- 
a~l~plc, by starting with one c:wly embryo from n black mouse and one from 
a %4it,e mouse, she has been able, by fusing them, to produce a zebra 
IIIOUSC. This scenls to me a nlos:t striking nnd.promising technique. 

Another dramatic piece of ccl1 biology has been the transplanbtion of 
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nuclei from one cell to another, and especially into egg cells. This work was 
started fly Briggs and King usink amphibians and in recent ycnrs has been 
cxploitcd very beautifully by Gurdon. Originally the technique seemed to be 
very difficult, but it seems that’ with experience pcoplc arc getting more 
skillful at it. The application of such n technique to human lxings ~uld ~.. 
raise very disturbing problems for us. 

Tltcn again, for esample, one should rcmcmf)cr those cspcl*imcIlts in which 
it is possible to change an adult animal, so that part of its tissues llfiV.2 come 

from another individual. This can be done if the immune response has been 
knocked out by x-rays, or some similar device. Under these circumstances 
hone marrow cells of another individual can colonize the marrow of the 
irradiated animal. I think thcso csamplcs will give you some idea of Mat I , 
mean by cell biology. 

The main impression I lvnnt to leave you with is that cell biology is a 
field in which drnmnt,ic cspcrimcnts of the ahove type arc likely to be mndc 
fairly frcqucntly in the near future. I doubt if this is still true of moleculnr 
biology, at least of the classical part of the subject, whcrc I think most of 
the work Will be more in the nature of a consolidation of what wc, know in 
outline already. 

It is therefore cl&r thnt, the nest question WC must ask is: Whcrc is ccl1 
biology going? If WC look around :~nd WC what is nlrcntly hnl~pcning I do not 
have much doubt in my mind as to wlwrc most of the effort will be placed. I 
think it will go into cmf)ryolo~v. It 8cv2n1s to mc) that this ficltl is rip’c fol 
scientific tlcvclolxncnt at tfrc prcscnt tirnc. As you can WC*, m:ir~y of tllc 
csnrnplcs I have mcntionctl arc very r(~lc\*nrrt to prol)lcnrs in embryology. 

. 

It is probably not ~)ossif)lr to make an cxhaustivc c:italoguc of the gcncral 
1~rol~lcms which cmf~ryology facts, biit wc cari ccrtnirily consitlcr the main ones. 
For csnmplc, how arc gcncs turricd on :11x1 off? Of comse, in microorganisms 
we do have some itlca of how this htplwn~ and w hope bcforc long to know 
in 8omc detail. \Vhcn \vc come to consirlcr m:rmmals lvc can 01ily guess what 
IIiccIinnisIiis arc likely to olmxtc. TIIuI we 11:iw that p~*oblcni of how ccll~ com- 
iiiunicnte. I-ICIT :tg:tin, T\‘(f hoW tlI:it tllcy coh~municatct in SOmc cfws }jy 

liormoncs. We know a lot about tire clicrriical structure of liorriiones. J\‘c know 
a certain amount al)out the action of hormones, fxrt there is clearly very 
much that needs to he rliWovcrct1 fxforc WC can say that wc understand 
it in ~uolccular detail. 

Then there is a whole class of rnolccr~lcs which have 11n1dly yet hxn clis- 
CO~XC~, which I would call gradient molcculcs. Thcsc arc the molecules whose 
concentrations arc probaf)ly rcsponsif)lc for cont~rolling the hope of nn orgy- 
nisnI, :md which IIcip to ticcitlc, for csanlplc, that we should have a thumb 
and four scpnrntc fi11gcIY on each hand. This is‘ indeed a very difficult field 
but I ~1I0uld not fjc surprised if \;*e see dramatic progress in it (luring the 
IlcXt ten years. Other gencrnl topics lvould include the adhesion lxtwccn cells, 
originally piourcrcd by 3Ioscnn:~; intc~rctrllulnr junct,ioris and the study of 
what molecules can move freely from one ccl1 to the nest, which is being 



studictl by I,Owo*rntciil for cxatnplc; tllc great prol)lcnl of how cells divide, 
that is, the 1~ioclicn~istry”of mitosis and what controls it; the prol)lcms Of how 
cells migr:ltc, not only what makes them move bit :~lso how they know in 
which direction to move. 

.For anybody wanting to cntcr the field of embryology, thcrc is always the 
Vera tlifflcult choice of which organism to study. In ,zlmost all cases man is 
not tlic idr:ll csprrinic9tnl animal. though I should mention in parcntlicsis that 
lie I)rovcd quite, useful in ~i~olc~2ul:lr biology I)cclLustr of his l!cIIlOglOl~iI1, 

mainly- IXCRUSC there are so many physicinns looking at, so many patients. 
It seems very unlikely tflat we shall find a single animal which will lx the lxst 
for ull these very broad questions in embryology. It is more likely that dif- 
ferent aspects of the subject \vill 1~ best studied in. different an;mals. For 
exnml~lc, my collcagur Sydney Brrnncr has ,zlrcady started to work oh ncma- 
toc1c.s. ‘I’110 gcqlctics of this is going 1)cnutifully. I think from the work llc 11:~ 
alrca(Iy clone it is possible to see that the genetics of nciqatodcs COUld rasily 
1~ worked up to the Icvcl of the gcnctics of Drosophilti. Thcsc small animals - 
Iinvc only about a thousand cells and of tflcsc 3 few hundred arc n(‘rvc Wlls. It 
is possible to study fairly intensively the anatomy of the animal by using 
tflc c~lectron inicroscopc. Lnfortumltcly, thr eggs l)rcscqt-,cxtrcinely difiicult 
technical prohleiils and it is not clear thnt they arc the system of choice for 
the study of the c:trly cmhryo. 

In all the various :ire:is of ~11 l,iology there is one ficltl which I t.hink will 
:ittr:icbt inorc :ittcntion th:m :111 the rest. This is the study of the nervous 
systvii~. Of :iII tfio I~ixi~~tiw Of Iir~rn:ir~ pfiysiolo~y this is ~~r~t~:~bly tlio One 
:il)o1lt wllirh \vv li:lvo ttlc> ~iiot to Ic:irn. ‘I’llis is, Of course, tictcl up with tlic 
fact ttl:lt it is cliflicult. It is cliflicult largely t)cc:luso of its complexity, hut 
m’r slioulfl :tl\v:iys rt~1i1f~f~il)(:r tliat if it wcrc not complex wc would not bc 
(‘lc\‘c’r c~tlougll to t,(l :il)lc to untlcrstAn(l it! 

For 111:iny yo:trs thcbrc 113s Iwe ~iiucli interesting l)ioncbcr work on tlic iIc’r\‘- 

011s systrlll. Thrrc~ is, for cs:InlI)lc, thr tapir of th(: cinhryOl0gy of tl1c ncIvoIis 

5~SfPIfl. I IOJV Cl0 II(‘i’\‘(‘S #O\\* to Ill:lk(b tllct right connections? SlWrry \v:tk On<: 
Of tl1c first to (lo .s;o111(1 r:ttil(lr clr:tlllntic~ cxpcrirllctnts iti tliis :~ro;~. ‘I’llcr(: Il:ls 
I)rYbn ll)uckll \vork 011 ttlcl chcniic3l tr:\nslnittckrs whit)) 0l)cr:ltc :lt syn:ll)~s 
ant1 the wtio11 of (irugs Of \7trious sort. A problem of ;L very clifftrrcnt 
(‘llilr:l(‘tCI is tll:tt Of tile 0vcr:tll clcsig:ri of the n$rvous system. 011~ wonders 
what type of structure nervous tissue can c:tsily be l)rogrammctI to procluc(l? 
:\‘c l;nOW nlrc!atly t’hnt what ir1tliUitluccI cells can do rather easily is to mnkc 

proteins, but \vc Inrk thca corrc5ponrling gcncrnfisntion for tisP~1c.s. 14;~ of 
:1SFCIIll)l;V Illl~st surCly 113vc an influence On which patterns 0f intcrconncc- 
Cons :lI’C llscY1 to C:lrry out tlic various signnlling operations. 

‘ThClT ;lI’E Of COllrW InCiny other prol)l(*nls. For w:lInplc, \vl1:tt is t]lc p]1ysi(l:il 

I1nsis of 1iIf~ili01~y? TlIc f,;lct th:lt wc c:lllnot cvcn gi\vc outline :111s\vcrs to 
clricbqtions Of this sort cl(~rl~oIlstr~;ltt~s how c~strnortiinnrily lit.tlc w(’ know :~l)out 
tllc> I)I’ilill. AIor(w\‘cr, 1 !I;lv(b .-:ii(I rlotliiIlg 111) to’ l]o\v :ll)Orit the Lcli:iviour Of 
\VllOlC nnimals, covcrcd by sUct1 subjects as ~eychOlOgy :lntl nniIn:ll l)clial~iOur. 



‘T&XX nrc disciplines in their own right hut WC can reasonably hope that when . 
WC understand betier the mechanism of the brain the bchaviour of whole ani- 
mds will bc easier to stutly. 

The main thing I want to sny about most of thcsc fields is that I think 
t,h$ are sci’cntificdly underpopulntcd. How does one judge whether 2 field is 
unrlcr~)ol)ul:~tctl? I think there is a wry simple test. If the classical expcri- 
Jncr1t.s in l,h(b fic~I(l 113~~ ncbwr been ndcrpntely rcpc:~tctl, tIl(ltl that ficltl is 
untlct~populatcd. The test for overpopulation is also ~iniplc. If :i discovcry- 
not necessarily an enormously important discovery, but n useful and intcrest- 
ing discovery-is made more or less simultnneously by three or four different 
groups, and if this is happening rather often, then I think it can I% St1 
that such a lieIf is o~cr~,oJ)ul:~tc(l. Tncidcntnlly, tllis is exactly wh:lt is h:ippcn-, 
ing in ccrt:~in :lrw.‘: of nlolcc~ul:~r i)iology, such :is protein qnthcsis. It is one 
of the rewons why it is becoming less nntl less fun to work on SllCh pl’O~JkHlS, 

I,ccnllsc too n1:111y J,t!OJh :tI’c‘ trying to cl0 \v11:1t OIlC is trying to do onwclf. 

If \\‘(t nJ’]dy thW! CJ’~tCJ’i;l t0 SOlTlC Of the fiCltl.5 1 llfiV(’ IllClltiOnCd, SUCh nS 

C!JllhyO~O~y nlltl tflC JlCI’VOIJs SydCJTl, I do not get the impression tlicrc arc 
IMlly ZlJ’CW Which JlI’C OVCi’J~O~‘llf:ltN~. ~rOrCO\‘CJ’, if YOU tnk t0 th! !,CoplC 

working in these ficld~, the :~tmosphorc is very much more relaxed than in 
molecular l)iology. It may surprise some of .you, who h:\vc perhaps red n 
clrnrn:ttic bdok :tbout .scicntific resc:1rch, to know that in tlw early fifties, by 
Cllltf f:Ir~(!, IYlOt(~c:U~:~I* hido~y \v:W Whvci. \\‘h(‘Jl 1 \VCJlt to work kvitll I’erutz 
IIC> tolfl nit’ tll:tt 11~~ likc~cl to iw :tl)lc to writ0 :i tlr:\ft, of :\ ~):Lpcr, put it away 
in :i 1Ir:\Wcr for :L cwu~~lc of ltlontlis :lli(1 tlicll ~1001~ :lt it :ifi:tin to we how it 
JWld. KObOdy C\‘(‘l’ Cl0C.q tht JlO\y. IjUt i1, the 0th fidds One g&s ClUitC 

:i tlifrcrcnt intI)rwsion. This con~w 011 t cspcci:tlly whcr~ ~COJJIC Jlrc discussing 

thir fUtlIJT work. ‘I’hy Illight (10 SUch :tnd srJCh an ~XpdJlwn~ this yew or 

pdinps next yc:lr. Thcrr does not Sccnl to be mly p:trticulw urgency. 
I must tell you that I think t.his st:d,c! of affairs is likely to chnngc. I think 

thClT is lilicly to 110 :I c~or~sirlcr:~l~lc IlljgJ*iltiOJl of peoplc~ WOJ~killg iJ1 othcl 
ficlltls to both cmt)ryology ~r~tl the! ncrvwIs systont. There arc’ good rc;wotis for 

this. Iii the first pIwe, tlwrc is the romantic appc:il of both tlicsc subjects. 
%X!olldly, 1 h:lVC JlOticCtl til:lt SOIll(! Of the yollJlg(br ])i(JIlCors of JUolcCUli~l’ bjol- 

ogy do JlOt wish to stay in their OR’JI subject, I)CCilUSC they fcci it is ovcr- 
crowled, and in almost aI1 wscs they arc nloving into ‘sornc br:rneh or otlicl 
of thex two suh;L’Cts. And thirdly, I think partly bccausc of the influence of 
the tcchniqucs of molecular biology, there will be a considcrablc expansion of 
useful techniques in the near future and this itself will attract people. 

It is CWtilin that new tcchniqucs arc needed. For example, consider the 
problcnl of tllc m:tpping the precise details of the nervous connections. In n 
piccc of nervous tissue, such 11s -the retina, this is now being dotic using the 

elect,ron microscope, but it is nn extremely tedious business. We have no 
illcthods :tt the moment of doing it rapidly. Certainly, here is n case where 
technical improvements arc grwtly neeclcd, and there arc very rl!nny other 
csmnplcs of this sort. 
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. . For the reasons I have just stated I think that these flclds will soon hnV6 a 
large number of pco~Me working in them, using a variety of ndvnnccd tech- 
niques. As far as I can SW there is only one thing lacking. In neither of these 
areas do we yet hnvc .a good general thcorcticnl framework. Pcoplc arc trying 
very hard to produce ideas about both the nervous system and embryology 
Xlich will have the appeal which the idcas+.of molecular biology had. I do 
not yet feel that they have been successful. WC may, of course, hnvc to face 
the fact that thcrc may not bc ,z framework of ideas which is quite as 
simple and easy as the one WC had for nucleic acids and proteins. 

St leaving this aside, I would say that both these fields arc certainly set . . for rather dramatic advances. We should therefore turn *to consider what 
is going to happen in the lifetime of the present medical stud6nts. How far 
this mill take us depends on how you calculate it, but a very rough estimate 
shows that we have to consider the period from the present time to about the 
year 2000 or a little after. 

I think it is clear that we may cspcct many striking scientific advances 
within this period, and that. many of them are likely to have an impoltnnt 
impact upon medical practice. In other words I am saying that the prcscnt 
situation, in rvhich the impact has been on the whole rather small, is not likely 
to Iast for much longer. If the new generation of doctors is going to be able 
to cope with these discoveries it will clearly be important for them to have 
had some general background on their scientific basis to enable them to np- . e., , 
prcciatc the new tcchniqucs that are likely to come along. I am very con- 
scious that this is :i p~~ot~lc~m wliicf~ I am not really qunlificd to deal with. It 
seems to me to bc very difficult to plan medical cclucntion so that it has 
sufficient grounding in t’lic fandamentals of biology, without at the same time 
ovcrlonding the curriculum. Ncverthelcss, WC have to face the fact that in the 
lifctimc of the present generation of students this fundamental biological 
knowledge is going to be one of the most useful things that they could learn. 

It would seem to me, as a complete outsider, that if scientific research goes 
on at the present hectic pace, the medical profession will hnvc to consider 
seriously the question of rcfrcshcr courses at periodic intervals. It may bc 
l lCWSSi\~y to RlTilIl@? that medical, practitioners have one year off in scvcn, 
as many acndcmic people do, or one ycnr’off in ten perhaps, so that they can 
go back to school and be trained in the recent developments. It may turn out to 
bc important to give many more of them the-opportunity to spccialisc in mid- 
cnrccr in the now sp~~cialitics that will come up. All this means, of course, 
that more doctors will be nccdcd, without allowing for the fact that thcrc arc 
really not enough of them already. 

I notice both in your country and in my own tfrat tfrcre is a rather dis- 
t,rcssing situation. Both of us arc importing too many doctors. It is true, of 
course, that this rnnybc only a temporary thing, but I think it is something 
t,hat pcoplc concerned with mcdicnl education should take ‘seriously. You are 
going to need core doctors, but yen are ndt even producing enough now. It 
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is fcr this reason that one particularly wclcomcs new medical schools at the 
present time. v . 

Following on what Dr. Beadle said, I also notice that you will have a prob- 
lcm, which is not quite so serious in my own count,ry, of the racial nature 
of your input. This is somewhat dramatically shown by the racial composition 
of the audience in ,front of me. It ccrtninly does nob-reflect fhc coniposition 
of your country as a whole. 

Thcrc is one other topic I shoul(l like to mention briefly. Bccnusc, of the 
very funchuncntnl discovcricu which arc going to be mnclc, you arc going to 
have a change in the nature of mcdicinc. It is often said that whereas, in the 
past, doctors mainly dealt with people who were rather obviously ill,, in the 
future there will bc more emphasis on prcvcntivc mcdicinc. But bcS;;hd that 
I think that within this period there will be a diffcrcnt sort of medicine coming 
into existence, the medicine which applies to people who arc basically healthy 
but who want to chnngc in some sort of way. 

Thcrc already exist branches of medicine which have this character, for 
example, cosmetic surgery. 8omeonc has too big a nose and thinks it _would be 
nicer to have a smaller one. I think there will be many more demands of this 
sort and especially for drugs which will alter people’s bchaviour. Incidentally, 
I should tcll’you that in preparing this ta !k I did notice one rather interesting 
omission in current medical research. As l’ar as I know, there does not seem to 
be any federal money spent on rcscarch f,w a good aphrodisiac. I do not bc- 
licvc this is because somebody in nuthcrity’thinks it would increase the popula- . . e,_,. 
tion rate, which might bc a good reason. I suspect it is due to your puritan 
tratlition, cvcn though this is already ch:m&g rather rapidly. I think WC may 
cxpcct a dcrnand for ~nnny drugs of this gencd chnrnctcr. For example, a 
drug to help pcoplc memorize things more cnsily. As for myself, I would 
particularly like a little drug which would deal wit,11 the time shift I have to 
suffer cvcry time I conic to your country. 

I also think one is going to hc faced with dc~na~~tis for modifications before 
birth, I do not‘ want to say much about the genetic side bccnuac Sir Pctcr 
$lctiawar is going to deal with that topic. IJut if there wrc a tcchniquc which 
could produce, say, I~OI*C intclligcnt children, I hnvc no doubt thcrc would be 
a wry heavy demand for it. At the moment WC know so little that it is not, 
clear whcthcr something like this will cvcr be a practical possibility. 

Finally, although I only want to touch on this briefly, I think everybody 
rcnlizcs that many of the new discovcrics will prcscnt us with wry considerable 
ethical problem s. These arc of course with us already. Who should have the 
USC of the limited number of kidney dialysis machines? When is it proper to 
turn off the osygcn to somebody who is little better than a vcgctablc? Un- 
fortunately, thcrc will IX more and 11101’c7 of these problems and they Ivill 
incrcnsingly apply to pcoplc Gho arc not really ill in the ordinary sense of the 
word. You already have an csamplc of this in the contraceptive pill, which I 
imnginc must bc giving ronsidcrablc trouble to Cnthoiic doctors. 
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ItI summary, then, n?y prediction is that WC arc likely to see in the decades 
,zhend of us an enormous dcvclopmcLt in basic biplpgical rcscnrch. During the 
time-,in which the medical students of today will have to practice, this rc- 
search will have a consi’clcrnblc impact on what they will be doing. This means 
t,bat,.it..is important to think ahead and try to foresee how they could cope with 
it, not only on the mcdicnl sitic, but also on the ethical side: 

Personally, I find thcec problems a little intjmidnting, ccrtniniy cliallcnging, 
but also very exciting, and for md this is perhaps the most encouraging thing 
about the whole situation. Thank you. 


